Background: Coordinated health service utilisation in the ambulatory care sector is of major interest from a health policy perspective. This ecological study investigates the interplay between medical care utilisation in hospital outpatient departments and in freestanding physician practices by drawing on the example of the Austrian healthcare system, which is standing out due to three features: ambulatory care is provided by both freestanding public (contract) and private (non-contract) practitioners; medical specialists operate in free-standing physician practices and in hospital outpatient departments; essentially, no gatekeeping is in place. As the ongoing health care reform aims to strengthen the primary care sector, we investigate whether in the current system care in general practitioner and specialist physician practices is in a substitutive, complementary or independent relation with medical care in outpatient departments. Methods: Hypotheses were tested using ordinary least square regression analysis based on administrative data of all Austrian districts with a hospital department in 2010, including a proxy for actual utilisation rather than physician headcount. Results: Controlling for sociodemographic and geographic characteristics and inpatient activity, we find that a higher level of care provision by contract GPs is associated with lower use of hospital outpatient departments on the district level. In contrast, a higher level of care by non-contract specialists is related to a higher utilization in outpatient departments. Conclusion: While care by non-contract specialists seems to be in a complementary and potentially demandinducing relation with outpatient departments, primary care by contract GPs appears to be capable of replacing care in outpatient departments.
Introduction
C oordinated health service utilisation in the ambulatory care sector is key to both improved health care delivery and efficiency enhancement. This is especially important for healthcare systems providing specialist care not only in hospitals, but also in the non-hospital-based sector, as it is the case for example in Germany, France and Austria. If, at the same time, access to hospital outpatient departments is mostly free and without co-payments, the interplay of care utilisation in such a set-up is a question of major political interest. In two-tiered healthcare systems, where public health care is complemented with privately funded care, this issue gains even more importance.
Related international literature mostly either focusses on the relationship between inpatient and outpatient care [1] [2] [3] [4] [5] [6] [7] or public versus private health care utilisation. [8] [9] [10] [11] In comparison, the specific link between the utilisation of outpatient departments and ambulatory care services provided in free-standing physician practices both in the public and private sector of a healthcare system, seems less researched in the European context (details on search in Supplementary Appendix S1). This study aims to fill this gap for Austria.
To this end, we refer to the Austrian healthcare system. Its organization of ambulatory healthcare stands out due to three features: First, ambulatory care (i.e. care provided outside the hospital) is provided by self-employed, free-standing physicians, of which some have a contract with Social Health Insurance (SHI) (contract physicians) and some do not (non-contract physicians). Fees charged by the latter have to be paid up front by patients and can be submitted to SHI for partial reimbursement. Second, medical specialists are located in free-standing physician practices and in hospital outpatient departments, thus providing for large parts of ambulatory secondary care a duplicated setting with different financing regimes. Third, almost no gatekeeping is in place in the ambulatory care sector. Access to hospital outpatient departments is presuppositionless and free of charge. This makes Austria a prime example for free access to ambulatory health care, providing insights into interactions elsewhere mitigated by co-payments and regulations.
By international comparison, the Austrian healthcare system is exceedingly hospital-centred. 12 The ongoing healthcare reform (2013-2016) thus aims at shifting medical care away from the hospital, especially to (reorganised) physician practices. In practice, however, the value of strengthening ambulatory care is highly dependent on whether these physicians can effectively substitute for the presumably more costly 13 care provided in hospital outpatient departments. 1 Gächter et al., using a panel dataset of Austrian districts between 2002 and 2008, explain the relationship between non-contract and contract physicians based on a Hotelling-like spatial competition model (according to which physicians compete over locations to be close to their potential patients): a higher density of non-contract specialists is related to a higher density of non-contract general practitioners (GPs).
14 For non-contract specialists, a negative association with contract GPs is identified, which also applies to non-contract and contract specialists. According to the authors, this hints at competitive forces between the public and private outpatient sector. However, the relationship between outpatient departments and physicians in freestanding practices remains uncharted in their analysis.
This study thus addresses the following research question: Is ambulatory care utilisation (provided by free-standing contract and non-contract GPs and specialists) and utilisation in hospital outpatient departments in a substitutive relation (i.e. utilisation of one provider reduces utilisation at the level of a different provider), a complementary relation (i.e. utilisation of one provider increases utilisation at the level of another provider) or independent from one another? By drawing on a unique administrative, district level dataset comprising utilisation information (rather than provider headcounts) from 2010 covering all national health insurance funds we are first to fully address the interdependencies of utilisation in the Austrian ambulatory care sectors, i.e. a question that is also crucial for similar healthcare systems.
Setting and hypotheses
The Austrian healthcare system is based on a mandatory social insurance model, covering 99.9% of the population. Affiliation with one of the 19 statutory health insurance funds is determined by the insuree's place of residence or occupation. 15 Insurees are given free choice of physicians in the ambulatory care sector. Care is provided by free-standing 'public' and 'private' physicians, who are self-employed and mostly operate in single practices. The former are called contract physicians, as they are in a contractual relationship with at least one health insurance fund, and the latter non-contract physicians. Since 2007, the number of contract physicians has slightly decreased (2007: 7770; 2013: 7657) with the contrary applying to non-contract physicians (2007: 9018; 2013: 10 883). 16 Specialist care may be received both in these physician practices as well as in hospital outpatient departments.
To regulate ambulatory care provided by contract physicians, the Chambers of Physicians in each state and the health insurance funds for the Main Association of the Austrian Social Security Institutions annually negotiate general contracts. In these contracts, the number of contract physicians and their spatial distribution are set. In contrast, non-contract physicians can chose their location freely. Indeed, non-contract GPs compared to contract GPs are more likely concentrated in richer districts, according to an analysis of Vienna. 17 A full contract with a health insurance normally comprises 20 weekly office hours. As the vast majority of contract physicians works in single practices, this constitutes a problem with accessibility not only restricted regarding out-of-hours care, whereas outpatient departments are accessible without appointment during the day, and in a more limited form also out-of-hours. Contract physicians are financed based on a mixed system under which physicians receive a base payment for each quarter a patient actually visits, and fee-for-service. While the ratio is typically 70:30 in favour of the base payment for GPs, it is roughly 30:70 for specialists. De facto, the remuneration varies between social insurance institutions, states and medical disciplines. 15 While insurees are free to consult any physician in the ambulatory care sector, full cost coverage by SHI is only provided for treatments by contract physicians (for around 80% of the insurees; three public health insurance funds, however, stipulate a 20% co-payment per consultation). Non-contract physicians charge their patients directly. If the respective service is included in the patient's insurance fund's benefit catalogue, the patient may file the settled invoice with their health insurance fund, which reimburses 80% of the tariff paid for the same service provided by a contract physician. The intention is to curb the costs in the growing sector of noncontract physicians by effectively imposing user charges.
Costs for non-contract physicians are potentially covered by complementary private health insurance. While patient satisfaction with the public healthcare system is very high, 18 around one in three Austrians has some form of private health insurance. 15 Mostly, these insurance plans focus on free choice of hospital physicians and upgraded amenities in hospitals. In fact, private health insurance contributions constitute an important source of income for many hospital physicians, especially since remuneration in the public hospital sector is considered low and provides little incentives to highly-qualified physicians. Commonly, physicians operate both in the inpatient and non-hospital based outpatient sector.
14 In 2010, 20% of all contract physicians and 50% of all non-contract physicians moonlighted as hospital-based physicians, especially specialists: the share of non-contract specialists working in public and private hospitals varies between 44% (dermatologists) and 68% (surgeons). 14 Basically no gatekeeping is in place in the ambulatory care sector (exceptions: referrals to practice-based physicians are necessary for laboratory diagnostics and radiology). 19 This also applies to hospital outpatient departments, which may be visited without referral and at no cost (a fee introduced in 2001 was withdrawn in 2003). Every public acute care hospital holds an outpatient department. By law, these outpatient departments offer emergency care and services that may not be sufficiently provided in other outpatient facilities. 20 Services in outpatient departments are funded from all levels of government and SHI through a global budget to each outpatient department, albeit far from cost-covering. SHI contributes a lump sum to hospital financing, but has to pay fees to contract physicians. This creates a strong incentive for SHI to ration services outside the hospital and thus shift them to outpatient departments, where patients do not cause additional expenditures.
Against this institutional background, we hypothesise as follows: Care provided by contract GPs is expected to substitute for care in hospital outpatient departments, whereas non-contract specialists are expected to induce demand in hospital outpatient departments.
Method

Dataset and statistical analysis
This study is based on SHI administrative data complemented with data from Statistics Austria (details in Supplementary Appendix S2). The initial dataset includes information on all 121 Austrian districts in 2010 (table 2) . One district (1090 Vienna) was excluded due to its outliner position, i.e. accommodating Austria's biggest hospital. Hypotheses were tested using ordinary least square regression analysis, limited to districts with an outpatient department. This effectively reduced the dataset to 89 observations (table 3) .
Variables
The dependent variable, demand for care in outpatient departments, was approximated by the number of contacts by outpatients in 'fund hospitals', which are representatives of the acute care sector. 20 Physician utilisation was retrieved from a database administered by the Main Association of the Austrian Social Security Institutions. Therein, two variables are used as proxies for demand for physician services: initial consultations and outpatient care units ('Ambulante Versorgungseinheiten', AVE).
In our analysis, demand for care provided in contract physician practices by district is based on patient consultations. Consultations are defined as face-to-face contacts between physician and patient. Both contacts in hospital outpatient departments and consultations are measures for demand in terms of pure volume and thus considered best comparable. However, as data on consultations is not available for non-contract physicians, demand for these providers is approximated by the second-best option, i.e. AVE.
AVE of non-contract physicians are calculated from the ratio between patients' first consultations in a region and the Austrian mean per 'full contract physician' (see Supplementary Appendix S2). A full contract physician is defined as a physician having an all-year contract with all health insurance funds. Consequently, the concept of AVE may be paraphrased with 'full contract equivalent'.
Compared to physician headcount, AVE and initial consultations yield significant benefits. The activity of physicians in providing care to their regional population is not picked up by headcounts. This seems especially problematic for non-contract physicians, with often only marginal opening hours. Their potential to provide care is thus better captured based on actual utilization of their services instead of their mere presence as mirrored in headcounts.
Summing up, as explanatory variables, care provided by outpatient physicians is incorporated as follows: First, in terms of consultations for both contract GPs and contract specialists, with the latter including paediatricians, surgeons, internists, gynaecologists, neurologists, psychologists, dermatologists, ophthalmologists, otologists, urologists, pneumologists, orthopaedists and emergency surgeons. Second, for both non-contract GPs and non-contract specialists in terms of AVE.
To control for socioeconomic and geographic characteristics, which in line with existing literature (details in Supplementary Appendix S1) are also expected to explain variations in outpatient demand, 5, 6, 21, 22 we consider the districts' educational level (measured by the share of the population with tertiary education), economic situation (measured by the share of the unemployed population), demographics (measured by the share of retired people) and the district size (in 100 km 2 ). The variable inpatient stays was included as a proxy for hospital activity. While higher education is closely correlated with an individual's income and thus affordability of non-contract physicians, low socioeconomic status is correlated with poorer health, and retirement with higher healthcare utilization. District size serves as a proxy for travel costs.
Finally, to adjust for the size of the regional population, utilization variables were divided by the commuter-adjusted population (table 2) . Commuter-adjusted population was preferred over standard population as according to SHI expert opinion people typically utilise medical resources close to their workplace rather than their home when working in a larger city.
Descriptions and details of the dataset are provided in tables 1 and 2.
Results
As shown in table 3, we find the following statistically significant results (a = 5%): districts with a higher level of care provision by contract GPs show lower use of outpatient departments. In contrast, a higher level of care provision by non-contract specialists on the district level is related to higher utilization of care in outpatient departments. The number of inpatient stays is highly positively associated with outpatient department contacts. In contrast, a higher share of highly educated people is negatively associated with hospital outpatient department utilization. The same applies (a = 10%) to the district size: the larger the district, the lower the utilisation of outpatient departments.
Discussion
This ecological study showed that in Austria, care by contract GPs on the district level is in a substitutive relation with utilisation in outpatient departments, while care provided by non-contract specialists is complementary to care in outpatient departments. The first result is in line with earlier findings: 60% of all patients showing up with no referral in an Austrian outpatient department could have alternatively been treated by GPs in the ambulatory care sector. 22 The substitutive relationship between GPs and hospital outpatient departments is also supported by (correlation) analyses from Denmark 4 and Norway 6 , but contrasts a recent regression analysis, 5 finding a positive relationship between GP utilisation and outpatient secondary care use for the elderly Norwegian population. Another analysis for Norway shows a negative impact of GPs on private specialist utilization but no association between GP and hospital contacts. 11 However, differences in primary and secondary care make international comparisons of such results difficult. 7 This article is first to identify the interrelation between the utilisation of these sub-sectors of outpatient and ambulatory care provision in Austria. Nevertheless, some limitations apply. First, Notes: Level of significance: ÃÃ = 1%, Ã = 5%. a: Frequency of patients in hospital outpatient departments, per capita (commuter-adjusted). b: Number of initial consultations in (free-standing) practices of general practitioners with one (or more) health insurance contract(s), per capita (commuter-adjusted). c: Number of initial consultations in (free-standing) practices of specialists with one (or more) health insurance contract(s), per capita (commuter-adjusted). d: Number of AVE (outpatient care units, 'Ambulante Versorgungseinheiten') of general practitioners without a health insurance contract, per capita (commuter-adjusted). e: Number of AVE of specialists without a health insurance contract, per capita (commuter-adjusted). f: Number of inpatient hospital stays (admissions + discharges + deaths)/2), per capita (commuter-adjusted). g: Number of graduates of universities (of applied sciences) and related institutions, as a share of the total population. h: Number of unemployed (economically active population), as a share of the total population. i: Number of retirees (economically inactive population), as a share of the total population. j: District area, in 100 km districts without outpatient departments, which are mostly rural, were excluded from the analysis. However, given their small population size, the exclusion effect on the results is expected to be marginal. Second, hospital stays are a major determinant of utilisation in hospital outpatient departments, as hospitals with high inpatient activity are also expected to provide more care in outpatient facilities. In a sensitivity analysis excluding the inpatient variable, the adjusted R 2 decreased from 0.819 (table 3) to 0.364 (Supplementary Appendix S3). The observed associations in the main analysis regarding contract GPs and non-contract specialists, however, remain the same (a = 5%). Additionally, a substitutive association between contract specialists and hospital outpatient departments emerges (a = 10%), which seems plausible since both provide partly similar services. Third, as the use of the commuteradjusted population to calculate densities is not common, a sensitivity analysis was carried out with the standard population (Supplementary Appendix S4) . This analysis confirms the complementary relationship between non-contract specialists and hospital outpatient departments whereas the association with the contract GP is not statistically significant. Fourth, alas we were provided with data for one year only, making this analysis cross-sectional. Further analyses of several years might elevate statistical power and enable a causal analysis. Finally, utilization in outpatient departments should be but might not actually be counted the same way in all hospitals. Health administration in Austria is currently working on this issue, however, without a definitive timeline.
Overall, the findings provide vital insights into the relationship between the different ambulatory care pillars. On the one hand, the utilisation of contract GPs seems to replace and thus reduce the utilisation in outpatient departments. This effect is likely to be observed in many countries with strong primary healthcare sectors and as the Austrian results show, even holds for a country with unlimited access. On the other hand, utilisation of non-contract specialists seems to increase the utilisation in outpatient departments. This makes sense given that many noncontract specialists additionally work in hospitals; these physicians might avoid the more complex diagnostics in their practices by sending the patients to 'their' hospital instead. This suggests that the complementary relation between these non-contract specialists might be demand-inducing.
In terms of control variables, a higher share of academics correlates with lower outpatient department utilisation. This points at different utilisation behaviours emanating from socially more advantaged and disadvantaged areas and is in line with a recent study identifying different access points to outpatient care by socioeconomic position: 21, 23 For instance, Austrians born in Turkey were found to be more likely to report an outpatient department visit without a prior GP visit. 21 Finally, our observed positive relationship between district size and outpatient department utilisation hints at a potential travel cost effect as supported by international evidence: 5, 6 in larger districts, outpatient department use causes higher travel costs and might thus be considered less attractive.
Interestingly, despite their importance in the context of the Austrian system, these findings are the first to provide an actual evidence-base for policy measures. In a setting where access to ambulatory care is unrestricted, interdependencies are highly relevant and a potential cause for misallocation of resources. The ongoing healthcare reform specifically aims to establish a primary healthcare system living up to international standards. This study supports the notion of improving the role of GPs in the ambulatory care sector, while the growth of the non-contract specialist sector calls for action.
Conclusion
While care by non-contract specialists was found to be in a complementary and potentially demand-inducing relation with outpatient departments in Austria, care by contract GPs replaced care in outpatient departments. If combined with measures to increase the attractiveness of the ambulatory care sector compared to outpatient departments, strengthening this sector may thus actually results in increased take-up of ambulatory care, as intended by the currently ongoing Austrian healthcare reform. These findings are also an indication that channelling patient flows might prove cost-effective. Moreover, further thoughts are indicated concerning physicians simultaneously working in hospitals and their own private practice. Policy-makers internationally should also be aware of the interrelations between public and private provision in ambulatory care. For example, Germany tends to increase competition between outpatient care in hospitals and non-hospital based settings, the gains of which could be mitigated by demand induction. This is also the case for Beveridge-type countries like England and Sweden, where the private sector is increasingly used to provide alternate (ambulatory) care settings with the aim of fostering competition, but at the same time facilitating the mechanisms that are the subject matter of this study.
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Key points
In the European context, relatively little is known about the interdependencies in the utilisation of care provided in hospital outpatient departments and free-standing physician practices, especially in two-tiered healthcare systems. This question is particularly vital for care settings with outpatient specialist care provided both in hospitals and the non-hospital based ambulatory care sector and by public and private providers. This ecological study is first to find that in Austria, ambulatory care provided by public (contract) physicians is associated with lower use of care in hospital outpatient departments, while a higher level of care by private (non-contract) specialists is associated with higher utilization in outpatient departments. This points a potentially demand-inducing relationship between non-contract specialists and outpatient hospital departments, while primary care by contract general physicians appears to be able to replace care in outpatient departments and attractiveness of the primary care sector should thus be further increased in Austria. For countries with similar outpatient and ambulatory care systems the results imply that the gains from fostering competition between public and private providers might be mitigated by demand induction. 
Introduction
D
uring the last decades, populations living in developed countries such as Italy and their health systems have been subject to several challenges. The principal challenge has been the demographic transition to an increasingly aging population and a steadily growing number of patients suffering from chronic illnesses. 1 It has been estimated that by 2043, 32% of the Italian population will be aged over 65 years. 2 A second challenge has been associated with the international economic crisis that has highlighted the need for a spending review which also involve national health care costs. In particular, it has been observed that over one quarter of the entire health care expenditure is spent on patients in the last year of life which represents about 1% of the entire population. It has been suggested that the use of the acute hospital system, in particular critical care services (such as intensive care units) and associated invasive tests and procedures for patients with end-stage chronic conditions may have limited potential benefit for patients' quality of life. 3, 4 Therefore, for these patients spending more money would not be associated with improved results and some spending in this area might reasonably be reconsidered. 5 In this context, home palliative care (PC) has been suggested as a response to the previously reported challenges through enhancing the 'quality of death', improving the standards of LYL care and providing services to enable people to be cared for and die in their home if that is their wish. 6 Despite the fact that PC is generally accepted to improve the quality of life of terminal patients, there are still some concerns about its impact on reducing the cost of care attributable to hospital use. This information could be important for planning and optimizing the availability and appropriateness of healthcare services.
In order to address these issues the main aim of the present study was to analyse a cohort of terminally ill patients comparing hospital use in patients who were referred to PC with patients receiving usual care (UC).
Methods
Retrospective population-based study carried out on 6171 patients resident in Lecco (Italy) who died between 1st January 2012 and 31st December 2013. Decedents were identified using the Cause of Death Registry of the Health Unit of Lecco which receives certificates of all persons resident in Lecco and deceased in Italy.
We considered to be resident in Lecco all those subjects who were living in and were enrolled on municipal population registers of Lecco during the study period. These subjects were provided with free or at least low-cost healthcare that includes access to general
